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Purpose:
To investigate factors infl uencing the quality of ultrasonographic (US) elastography in the evaluation of suspicious breast masses.
Materials and Methods:
This prospective study was conducted with institutional review board approval; written informed consent was obtained. Between January 2009 and February 2009, realtime US elastography of 312 breast masses (245 benign, 67 malignant) was performed in 268 consecutive patients (mean age, 45.7 years 6 10.2 [standard deviation]) prior to US-guided core biopsy. Five breast radiologists who had performed the examinations assessed the quality of elasticity images as inadequate, low, or high without histologic information. Age, body mass index (BMI), mammographic density, lesion size, lesion depth, and breast thickness at US were analyzed for their association with image quality by using the x 2 test, Student t test, and multivariate analysis. Sensitivities and specifi cities for the differentiation of benign from malignant masses on the basis of elastography were calculated and compared between groups of quality scores by using the logistic regression method.
Results:
The quality of elasticity images was assessed as inadequate in 21 (6.7%) cases, low in 134 (42.9%), and high in 157 (50.3%). According to univariate analysis, smaller lesion size ( P = .001), shallower lesion depth ( P = .005), less breast thickness where the lesion was located ( P , .0001), and benign pathologic fi nding ( P = .004) were signifi cantly associated with higher image quality. There was no correlation of image quality with age ( P = .213), BMI ( P = .191), mammographic density ( P = .091), or distance from the nipple ( P = .100). Multivariable analysis showed that breast thickness at the location of target lesions was the most important factor infl uencing elasticity image quality ( P = .001). There were signifi cant differences in sensitivity between higher-quality and lower-quality images (87.0% vs 56.8% , respectively ; P = .015) in the differentiation of benign from malignant masses.
Conclusion:
Breast thickness at the location of the lesion was the most important factor infl uencing image quality at US elastography. Sensitivity for classifi cation of benign and malignant masses improved with higher quality scores.
BREAST IMAGING: US Elastographic Image Quality Chang et al sonographically detected lesion in 170 women; as nipple discharge in 11; and as a palpable lesion in 87. Histologic diagnoses of the lesions were made by a pathologist with 20 years of experience in breast pathol ogy. There were 245 benign lesions (12 papillomas, fi ve atypical papillomas, 59 fi broadenomas, and 169 fi brocystic changes) and 67 malignant lesions (14 ductal carcinoma in situ and 53 invasive ductal carcinoma with or without ductal carcinoma in situ). Among the 245 benign lesions, 37 lesions (including 12 papillomas and fi ve atypical papillomas) (R1-R2 ) were diagnosed at surgical excision, and 208 were diagnosed at US-guided 14-gauge core needle biopsy (mean core number, 5.27 6 1.10; range, three to 10). All benign lesions remained unchanged during the follow-up period (mean, 15.5 months 6 2.94; range, 12-20 months). For the treatment of breast cancers, mastectomy or breastconserving therapy was performed in all patients.
Patient age, mammographic breast density, and BMI were recorded. Mammographic breast density was recorded according to the American College of Radiology Breast Imaging Reporting and Data System grade ( 11 ) in 256 women with available mammograms. BMI was measured as weight in kilograms divided by the square of height in meters.
US Examination
Conventional US and elastographic images were obtained by using an EUB-8500 B-mode and strain imaging. In addition, 6.2% (28 of 445) of the lesions in their study were initially excluded because of inadequate data acquisition.
Although there have been several reports on the mechanical properties of US elastography ( 7 ) and how elastographic scanning parameters such as applied strain, transducer frequency, bandwidth, and radiofrequency sampling rate ( 7-10 ) can infl uence the visualization of elastic properties ( 8 ) , to our knowledge, there have been no reports on which patient or lesion variables infl uence image quality and overall diagnostic accuracy. Therefore, the purpose of this study was to ascertain the factors infl uencing the quality of US elastography for the evaluation of suspicious breast lesions.
Materials and Methods

Study Participants
This prospective study was conducted with institutional review board approval, and written informed consent was obtained from all patients. Between January 2009 and February 2009, real-time sonoelastographic data were obtained for 342 breast masses in 293 consecutive patients who had been scheduled to undergo US-guided percutaneous needle biopsy on the basis of suspicious imaging fi ndings (American College of Radiology Breast Imaging Reporting and Data System category 4 or 5). Among these 293 patients, 25 patients with 30 lesions whose body mass index (BMI) data were unavailable were excluded. Finally, a total of 312 breast masses (245 benign, 67 malignant) in 268 patients (mean age, 45.7 years 6 10.2 [standard deviation]) were included in our study. Two hundred thirty-one patients had one lesion, 30 patients had two lesions, and seven patients had three lesions. Lesions manifested as a clinically occult, but mammographically or R eal-time ultrasonographic (US) elastography is a tool that refl ects the hardness of a lesion by comparing the US radiofrequency signal obtained before and after slight compression of the tissue ( 1 ) . With commercial units, the strain data are converted into color-scale images and are superimposed onto the B-mode images to allow better recognition of the relationship between the strain and lesion as depicted on the B-mode images (2) (3) (4) . Recent studies ( 2 ) have shown that elastography has nearly the same diagnostic performance as conventional US, with 86.5% (45 of 52) sensitivity, 89.8% (53 of 59) specifi city, and 88.3% (98 of 111) accuracy in the differentiation of benign from malignant solid breast masses.
However, US elastography has a clear drawback in that it is operator dependent, and a substantial amount of interobserver variability can occur during data acquisition and interpretation ( 5 ) . Furthermore, the image quality of US elastography can greatly infl uence overall reader performance for tumor characterization. In one study by Burnside et al ( 6 ) , images were divided into 55 higher-quality and 43 lower-quality images by measuring the accuracy of motion tracking and consistency among consecutive strain fi elds. Their subset analysis of reader performance revealed that performance was signifi cantly worse for the lower-quality image sets at both Implication for Patient Care US elastography seems to be n favorable for the evaluation of small superfi cially located lesions in women with smaller breasts.
Advances in Knowledge
The quality of elasticity images n was assessed as inadequate in 21 (6.7%) of 312 masses, low in 134 (42.9%), and high in 157 (50.3%).
Mean diameter ( n P = .001), lesion depth ( P = .005), breast thickness where the lesion was located ( P , .0001), and pathologic fi nding ( P = .004) were signifi cantly associated with image quality.
There were signifi cant differences n in sensitivity between higherquality and lower-quality images (87.0% vs 56.8%, respectively; P = .015) in the differentiation of benign from malignant masses. Odds ratios and 95% confi dence intervals were also determined. In the group assessed as having inadequate elastographic image quality, we assessed the possible reasons for failures on the strain images. Second, we compared the sensitivities and specifi cities of the group with elastography quality score of 1 (low quality) and the group with elastography quality score of 2 (high quality). We excluded lesions with image quality score of 0 for the assessment of diagnostic performance, because a quality score of 0 was considered failure to obtain adequate data. Sensitivities and specifi cities for the differentiation of malignant masses from benign masses were calculated with a cutoff point of a diagnostic score between 1 (borderline) and 2 (abnormal), with pathologic diagnoses as the reference standard, because the best cutoff point in the previous report by Itoh et al was between 3 and 4 ( 2 ), which corresponded to the score of 1 and 2, respectively , in our classifi cation. A score of 0 (normal) or 1 indicated a negative and a score of 2 indicated a positive test result. To assess the correlation of image quality with diagnostic ing of images and feedback on manual compression were performed to avoid interruption of color encoding during data acquisition by using a split-screen display showing both B-mode and strain images. The data acquisition procedure took approximately 2-3 minutes per case.
Image Evaluation
Evaluation of the quality of elasticity images and diagnostic score of elasticity was prospectively performed by the fi ve breast radiologists at the time of obtaining elasticity images. The quality of elasticity images was assessed by using a three-point scale based on noise level and consistency of strain information. Score 0 (inadequate) was assigned when all strain images had high noise level and were inconsistent from frame to frame; score 1 (low quality) was assigned to cases with valid strain information and long consecutive strain images but high noise level. Score 2 (high quality) was assigned to cases with valid strain information and long consecutive strain images with low noise level and consistent strain images from frame to frame. This scoring system was modifi ed from a study by Burnside et al ( 6 ) .
Diagnostic score of elasticity was prospectively assigned while obtaining the images by using a three-point scale based on the degree of strain in the hypoechoic lesion without histologic information. When the entire lesion was depicted as red to green (greatest to average strain) without a blue (no strain) area, it was classifi ed as score 0 (normal). When a lesion had both green (average strain) and blue (no strain) areas, it was classifi ed as score 1 (borderline). A score of 2 was assigned when a lesion had a blue (no strain) area over the entire lesion (abnormal). This scoring system was modifi ed from a fi ve-point scale reported by Itoh et al ( 2 ) and was found to be useful in classifying benign and malignant lesions ( 12 ) .
Statistical Analysis
Statistical analysis consisted of two parts. First, we examined the correlation association between elastographic image quality and patient and lesion variables by scanner (Hitachi Medical, Tokyo, Japan) with a 6-14-MHz linear transducer by one of fi ve radiologists (J.M.C., W.K.M., N.C., and S.J.K., with 5-20 years of experience in breast US and 6-36 months of experience in US elastography) with knowledge of clinical and mammographic fi ndings. Each reader had experience with more than 150 cases of US elastography. The scanning protocol was to obtain both transverse and longitudinal images of target masses.
The radiologists who performed the procedures recorded the lesion size (maximal diameter as measured on US images), distance from the nipple (measured as the distance from the nipple to the closest margin of the mass), lesion depth (measured as the vertical diameter from the skin to the center of the mass), and breast thickness (measured as the vertical diameter from the skin to the pectoralis muscle) where the lesion was located. Measurement was performed with light pressure by using a probe with the same method as for elastography.
For elastography, the same depth, focus position, and gain setting were used as for conventional images. Elastographic images were generated by using the freehand manual compression technique described by Itoh et al ( 2 ) , and the pectoralis muscle was displayed parallel to the probe oriented perpendicular to the chest wall. The target lesion was vertically compressed by the transducer under light pressure. The top of the region of interest on elastographic images was set to include the subcutaneous fat, and the bottom of the region of interest was set to include the pectoral muscle; lateral borders were set more than 5 mm from the boundary of the lesion ( 2 ) . The elasticity image was displayed with 256 color mapping for each pixel according to the degree of strain within the region of interest, by using a scale from red (greatest strain, softest component), to green (average strain, intermediate component), to blue (no strain, hardest component). The pressure and speed of compression were adjusted to depict the subcutaneous fat layer as a mix of red and green and the muscle layer as blue. Real-time monitor-
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Chang et al score 1 (borderline) in 145, and score 2 (abnormal) in 73 lesions. There were 37 malignancies and 97 benign lesions in the low image quality group, and 23 malignancies and 134 benign lesions in the high image quality group ( Table 2 ) . Sensitivity for detection of malignancy was 56.8% (21 of 37) in the low image quality group and 87.0% (20 of 23) in (43%) cases, deeper location (more than 15 mm) from the skin in seven (33%) cases, and thick breast tissue (more than 30 mm in thickness) in seven (33%) cases.
Diagnostic Performance
Diagnostic scores of 291 masses with valid information at US elastography were assessed as score 0 (normal) in 73, performance in patient groups, we assessed the odds ratios and 95% confi dence intervals for the proportion of positive diagnostic test results to pathologically positive cases, and proportion of negative diagnostic test results to pathologically negative cases, according to the quality by using logistic regression analysis with generalized estimating equations and by taking into account the clustering effects of multiple lesions in the same patient. All statistical analyses were performed by using software (SAS, version 9.1.3; SAS, Cary, NC), with a P value less than .05 indicating a statistically signifi cant difference.
Results
Factors Infl uencing Image Quality
The quality of elasticity images was assessed as score 0 (inadequate) in 21 (6.7%) cases, score 1 (low) in 134 (42.9%) cases, and score 2 (high) in 157 (50.3%) cases ( Figs 1, 2 ). Patient and lesion variables and elastographic diagnostic scores of the 312 breast masses are listed according to elastographic image quality score in Tables 1 and 2 . According to univariate analysis, smaller lesion size ( P = .001), shallower lesion depth ( P = .005), less breast thickness where the lesion was located ( P , .0001), and benign pathologic fi nding ( P = .004) were signifi cantly associated with higher image quality. There was no correlation of image quality with respect to patient age ( P = .213), BMI ( P = .191), mammographic density ( P = .091), or distance from the nipple ( P = .100) ( Table 1 ) . Multivariable cumulative logit model analysis showed that breast thickness where the lesion was located was the most important factor infl uencing the quality of elasticity images, with an odds ratio of 1.086 (95% confi dence interval: 1.047, 1.125; P = .001).
In the inadequate elastographic quality group, seven lesions were malignant and 14 lesions were benign ( Fig 2 ) . The failure to obtain proper data at elastography was attributed to one or more of the following reasons: larger lesion diameter (more than 20 mm) in nine 
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Chang et al were different in the low and high image quality groups.
Discussion
Real-time elastography has shown the potential to provide additional characterization of breast lesions and to improve the specifi city for low suspicion lesions achieved at conventional US (13) (14) (15) . However, to reach this potential, our study, as well as others, has shown that selection of a high-quality image from serial images obtained during compression is important because the image quality at US elastography substantially infl uences the performance for tumor characterization ( 6 ) . In our study, we found signifi cant differences in sensitivities (87.0% vs 56.8%, respectively; P = .015) between groups with lower and higher image noise for the differentiation of benign from malignant masses. We investigated various patient and lesion factors that can infl uence image quality at US elastography. We found that mean diameter ( P = .001), lesion depth ( P = .005), breast thickness where the lesion was located ( P , .0001), and pathologic fi nding ( P = .004) were signifi cantly correlated with image quality, quality group, which showed no significant differences between the two groups (odds ratio = 0.787, P = .53).
Positive predictive values and negative predictive values were not calculated because the incidences of malignancy the high image quality group. Sensitivity was signifi cantly higher in the high image quality group (odds ratio = 5.079, P = .015). Specifi city was 87.6% (85 of 97) in the low image quality group and 85.1% (114 of 134) in the high image Note.-Unless otherwise indicated, data are means 6 standard deviations. Score 0 equals inadequate, score 1 equals low quality, and score 2 equals high quality.
* Mammograms were available in 256 women. Data are number of women. † A P value less than .05 indicated the difference between the three image quality score groups. * Lesions with image quality score of 0 were excluded from the assessment of diagnostic performance, because a quality score of 0 was considered failure to obtain adequate data.
quality of US elastography subjectively on the basis of noise level and consistency of strain information, with recently installed commercial elastographic units, quantitative assessment of the quality of strain images has now become possible ( 19 ) . Furthermore, new emerging technologies, including shear imaging, have been introduced and are expected to provide a quantitative elasticity imaging mode, with a substantial reduction of operator dependence compared with static elastography ( 20, 21 ) .
In conclusion, the results of our study showed that breast thickness where the lesion was located, lesion size, lesion depth, and pathologic fi nding are factors infl uencing the image quality at US elastography, with sensitivity for the classifi cation of benign and malignant masses improving with higher quality scores. US elastography seems to be most favorable for the evaluation of small superfi cially located lesions in women with smaller breasts.
